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DESCRIPTION 

AMPLIFIER CIRCUIT 

5 Technical Field 

[0001] The present invention relates to an amplifier 
circuit, and particularly relates to a final stage 
amplifier circuit amplifying a transmission signal in 
a transmission apparatus employed in wireless 
10 communication and broadcasting. 



Background Art 

[0002] In recent years, cases of transmitting digitally 
modulated signals in a transmission apparatus employed 

15 in wireless communication and broadcasting are 
commonplace. It is therefore required for amplifier 
circuits employed in a transmission apparatus to attain 
linearity, because multi-value techniques have been 
developed for most of such signals and have enabled 

20 information to be carried on an amplitude direction. On 
the other hand, high power efficiency is required at the 
amplifier circuit in order to curtail power consumption 
of the apparatus. Various techniques have been proposed 
for compensating for distortion and improving efficiency 

25 in order to combine linearity and power efficiency of 
the amplifier circuit. One system referred to as the LINC 
(Linear Amplification with Nonlinear Components) system 
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exists as a system for an amplifier circuit of the 
conventional art. In this system, the transmission 
signal is divided into two constant-envelope signals, 
is amplified by a non-linear amplifier of high power 
5 efficiency, is then combined, and thereby both linearity 
and transmission efficiency are achieved. 
[0003] Here, a description is given using FIG.l of a 
typical example of an amplifier circuit employing the 
LINC system. In an amplifier circuit 10 shown in FIG.l, 

10 at a constant-envelope signal generating section 11, two 
constant-envelope signals Sa (t) and Sb (t) are generated 
from an input signal S(t) . For example, assuming the 
constant-envelope signals Sa(t) and Sb(t) is given by 
the following (equation 2) and (equation 3) when the input 

15 signal S(t) is represented by the following (equation 
1), each constant-envelope signal Sa(t) and Sb(t) is 
constant in the amplitude direction. 

S ( t ) = V ( t ) xcos{coct + <p(t) } ... (equation 1) 
Where the maximum value for V ( t ) is V m a x , and 

20 the angular frequency of the carrier for the input signal 
is co c . 

Sa ( t ) = Vmax/2 x cos { G>ct + \Jf ( t )}...( equation 2) 
Sb ( t ) = Vmax/2 x cos { coct + 0 ( t )}...( equation 3 ) 
Where i|r ( t ) =<p ( t ) +a ( t ) , 6 ( t ) =<p ( t ) -a ( t ) . 
25 [0004] In FIG. 2, the operation of generating the 
constant-envelope signals is shown using signal vectors 
on orthogonal plane coordinates, and as shown in this 
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figure, the input signal S (t) is represented as the vector 
sum of the two constant-envelope signals Sa(t), Sb(t) 
of which amplitude is Vmax/2 . 

[ 0005] Now refer again to FIG.l. The two 

5 constant-envelope signals are respectively amplified by 
two amplifiers 12, 13. At this time, assuming a gain of 
amplifiers 12, 13 is G, output signals of amplifiers 12, 
13 are G*Sa(t) and G*Sb(t), respectively. At combining 
section 14, when the output signals GxSa(t) and G*Sb(t) 

10 are combined, an output signal G*S(t) is obtained. 

[0006] Heretofore, amplifier circuits as described 
above are described for example in patent document 1 and 
patent document 2 . An example of a detailed configuration 
of an amplifier circuit for implementing the LINC system 

15 is shown in FIG.3. At amplifier circuit 10a shown in FIG. 3, 
baseband signals Sai, Saq, Sbi, Sbq, which constitute 
constant-envelope signals Sa, Sb after orthogonal 
demodulation, are generated from baseband input signals 
Si, Sq by digital signal processing at constant-envelope 

20 signal IQ generating section 15. Then, after each 
baseband signal is converted to an analog signal using 
D/A converters 16a, 16b, 16c, 16d, and the signals are 
orthogonally modulated by orthogonal modulator 17 having 
two orthogonal modulators to obtain two constant-envelope 

25 signals Saif, Sbif . Then, at mixer 21a, 21b, frequency 
conversion is carried out by mixing each signal with a 
local signal supplied by local oscillator 22 to obtain 
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signals Sarf , Sbrf converted to a carrier frequency. 
Final amplification is then carried out at amplifiers 
12, 13, and combining is carried out at combining section 
14 to obtain an output signal as a result. 

5 

Patent Document 1: Japanese Patent Laid-open Publication 
No. Hei. 6-22302. 

Patent Document 2: Japanese Patent Laid-open Publication 
No. Hei. 8-163189. 

10 

Disclosure of Invention 

Problems to be Solved by the Invention 

[0007] However, with the conventional amplifier circuit, 
leakage of the local signal used at mixers 21a, 21b occurs 

15 when frequency conversion is carried out at mixers 21a, 
21b. The leaked local signal then constitutes spurious 
components that could harm the communication quality. 
[ 0008 ] One of the techniques for suppressing the leakage 
of the local signal is to use filters. However, in general, 

20 in a typical LINC system amplifier circuit, an original 
input signal is converted into two phase-modulated 
constant-envelope signals, and the spectrum of the 
processed signals is spread in the frequency direction. 
Because of this, there have been problems of loss of 

25 modulated information, increased distortion of 
transmission signal, deterioration of the communication 
quality upon suppressing the leakage of the local signal 
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[0009] It is therefore the object of the present 
invention to provide a high power efficiency amplifier 
circuit capable of improving communication quality. 

5 

Means for Solving the Problem 

[0010] The amplifier circuit of the present invention 
adopts a configuration comprising a generating section 
that generates a first local signal and a second local 

10 signal which are used in frequency conversion of a first 
constant-envelope signal and a second constant-envelope 
signal having respective predetermined phases, the first 
local signal and the second local signal having a 180° 
phase difference therebetween, a frequency conversion 

15 section that performs frequency-conversion of the first 
constant-envelope signal and the second 

constant-envelope signal using the generated first local 
signal and second local signal, an amplifying section 
that amplifies the frequency-converted first 

20 constant-envelope signal and second constant-envelope 
signal, and a combining section that combines the 
amplified first constant-envelope signal and second 
constant-envelope signal. 

25 Advantageous Effect of the Invention 

[0011] As described above, according to the present 
invention, it is possible to improve communication 
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quality . 

Brief Description of the Drawings 
[0012] 

5 FIG.l is a view showing a typical example of a 

configuration for a conventional amplifier circuit. 

FIG. 2 is a vector diagram showing an operation of 
a conventional amplifier circuit on orthogonal plane 
coordinates . 

10 FIG. 3 is a view showing an example of a detailed 

configuration of a conventional amplifier circuit. 

FIG. 4 is a block diagram showing a configuration 
of an amplifier circuit of a first embodiment of the present 
invention . 

15 FIG.5A is a vector diagram showing phase-shift 

processing of each constant-envelope signal of the first 
embodiment of the present invention. 

FIG.5B is a vector diagram showing phase-shift 
processing of a local signal of the first embodiment of 
20 the present invention. 

FIG.5C is a vector diagram showing a signal after 
combining of the first embodiment of the present 
invention . 

FIG. 6 is a block diagram showing a configuration 
25 of an amplifier circuit of a second embodiment of the 
present invention. 

FIG. 7 is a block diagram showing a configuration 
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of an amplifier circuit of a third embodiment of the present 
invention . 

FIG. 8 is a block diagram showing a configuration 
of an amplifier circuit of a fourth embodiment of the 
5 present invention. 

FIG. 9 is a block diagram showing a configuration 
of an amplifier circuit of a fifth embodiment of the present 
invent ion . 

FIG. 10 is a block diagram showing a configuration 
10 of an amplifier circuit of a sixth embodiment of the present 
invention . 

FIG. 11 is a block diagram showing a configuration 
of an amplifier circuit of a seventh embodiment of the 
present invention. 
15 FIG. 12 is a block diagram showing a configuration 

of an amplifier circuit of an eighth embodiment of the 
present invention. 

FIG. 13 is a block diagram showing a configuration 
of a wireless transceiver apparatus of a ninth embodiment 
20 of the present invention. 

FIG. 14 is a block diagram showing a configuration 
of an amplifier circuit of a tenth embodiment of the present 
invention . 

FIG. 15 is a view showing a signal waveform obtained 
25 at each processing stage of the amplifier circuit of the 
tenth embodiment of the present invention. 

FIG. 16 is a block diagram showing a configuration 
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of an amplifier circuit of an eleventh embodiment of the 
present invention. 

FIG. 17 is a block diagram showing a configuration 
of a wireless transceiver apparatus of a twelfth 
5 embodiment of the present invention. 

Best Mode for Carrying Out the Invention 
[0013] The following is a detailed description of 
embodiments of the present invention using the drawings. 
10 [0014] (First Embodiment) 

FIG. 4 is a block diagram showing a configuration 
for an amplifier circuit of a first embodiment of the 
present invention. 

[0015] Amplifier circuit 100 shown in FIG. 4 is comprised 
15 of constant-envelope signal generating section 101, two 
phase-shifters 102a, 102b, two mixers 103a, 103b, two 
amplifiers 104a, 104b, combining circuit 105, local 
oscillator 106, and two local signal phase-shifters 107a, 
107b . 

20 [0016] Further, constant-envelope signal generating 
section 101 is comprised of constant-envelope signal IQ 
generating section 111, four D/A (Digital to Analog) 
converters 112a, 112b, 112c, 112d, and orthogonal 
modulator 113. Orthogonal modulator 113 has four mixers 

25 114a, 114b, 114c, 114d, two phase-shifters 115a, 115b, 
and local oscillator 116. 

[0017] Constant-envelope signal generating section 101 
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generates two constant-envelope signals, i.e. a first 
constant-envelope signal Saif and second 

constant-envelope signal Sbif, which are equivalent to 
signals obtained by orthogonally modulating the input 
5 signals Si, Squsingacarrier frequencyofa predetermined 
frequency at the time of vector combining, using baseband 
input signals Si, Sq, and outputs these signals 
respectively to two phase-shifters 102a, 102b. The 
constant-envelope signal generating section 101 may also 
10 be implemented using a digital signal processing circuit 
such as an ASIC (Application Specific Integrated Circuit) 
or FPGA (Field Programmable Gate Array) . 

[0018] More specifically, in constant-envelope signal 
generating section 101, constant-envelope signal IQ 

15 generating section 111 carries out digital signal 
processing on input signals Si , Sq, and generates baseband 
signals Sai, Saq, Sbi, Sbq. Cons t ant- enve lope signal IQ 
generating section 111 is, for example, a digital signal 
processing circuit such as an ASIC or FPGA, or the like. 

20 [0019] D/A converters 112a to 112d convert baseband 
signals Sai, Saq, Sbi, Sbq respectively from digital to 
analog signals. D/A converters 112a to 112d are, for 
example, digital to analog converter ICs (Integrated 
Circuits) converting digital signals to analog signals. 

25 [ 0020 ] Orthogonal modulator 113 orthogonally modulates 
baseband signals Sai, Saq, Sbi, Sbq converted to analog 
signals, generates first constant-envelope signal Saif 
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and second constant-envelope signal Sbif, and outputs 
these signals to phase-shifters 10 2a, 102b, respectively. 
Local oscillator 116 in orthogonal modulator 113 is an 
oscillation circuit such as a frequency synthesizer or 
5 the like employing a voltage controlled oscillator (VCO) 
controlled by a phase-locked loop (PLL) . Further, 
phase-shifters 115a, 115b in orthogonal modulator 113 
are, for example, hybrid phase-shifters using microstrip 
lines . 

10 [0021] Phase-shifter 102a changes the phase of first 
constant-envelope signal Saif from orthogonal modulator 
113 by +a° and generates phase-shifted first 
constant-envelope signal Saif 1 . Phase-shifter 102b 
changes the phase of second constant-envelope signal Sbif 

15 from orthogonal modulator 113 by +|3° and generates 
phase-shifted second constant-envelope signal Sbif'. 
Here, I a- (3 | =18 0 . Further, pha s e - shi f t e r s 102a, 102b are, 
for example, hybrid phase-shifters using microstrip 
lines . 

20 [0022] Mixer 103a performs frequency conversion 
(up-conversion ) bymixing first cons t ant -enve 1 ope signal 
Saif 1 from phase-shifter 102a with local signal LOa from 
local signal phase-shifter 107a, and generates 
frequency-converted first constant-envelope signal Sarf . 

25 Mixer 103b performs frequency conversion (up-conversion) 
by mixing second constant-envelope signal Sbif 1 from 
phase-shifter 102b with local signal LOb from local signal 
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phase-shifter 107b, and generates frequency-converted 
second constant-envelope signal Sbrf . 

[0023] Local oscillator 106 is, for example, an 
oscillator circuit such as a frequency synthesizer or 
5 the like employing a VCO controlled by a PLL, generates 
local signal LO, and outputs this to local signal 
phase-shifters 107a, 107b. 

[0024] Local signal phase-shifter 107a changes the phase 
of local signal LO from local oscillator 116 by — a° and 

10 generates phase-converted local signal LOa . Local 
signal phase-shifter 107b changes the phase of local 
signal LO from local oscillator 116 by - p° and generates 
phase-converted local signal LOb . Local signal 

phase-shifters 107a, 107b are, for example, hybrid 

15 phase-shifters using microstrip lines. 

[0025] Ampl i fier 104a ampl i f ies first constant-envelope 
signal Sarf from mixer 103a and outputs this to combining 
circuit 105. Amplifier 104b amplifies second 

constant-envelope signal Sbrf frommixer 103b and outputs 

20 this to combining circuit 105. Amplifiers 104a, 104b are 
configured from, for example, FETs (Field Effect 
Transistors) and transistors. 

[0026] Combining circuit 105 is a Wilkinson-type 
combining circuit or resistor combining circuit 
25 configured from microstrip lines and generates output 
signal Srf, which is a signal outputted from amplifier 
circuit 100, by combining first constant-envelope signal 
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Sarf and second constant-envelope signal Sbrf amplified 
by amplifiers 104a, 104b. 

[0027] Next, anoperationof amplifier circuit 100 having 
the above configuration is described. Here, a 

5 description is given of the case where input signal S(t) 
is transmitted at carrier frequency corf. 

[0028] First, in constant-envelope signal generating 
section 101, two constant-envelope signals, i.e. a first 
constant-envelope signal Saif and second 

10 constant-envelope signal Sbif, which are equivalent to 
signals obtained by orthogonally modulating input signals 
Si, Sq using a carrier frequency corf of a predetermined 
frequency at the time of vector combining, from baseband 
input signals Si, Sq, are generated, and respectively 

15 outputted to two phase-shifters 102a, 102b. Input signal 
S(t) can be expressed by the following (equation 4). 
S (t ) =Saif + Sbif=Vmax/2 • cos ( coi f t + \Jr ( t ) ) 

+ Vmax/2 - cos (coift + 9 (t) ) . . . (equation 4) 
[0029] In phase-shifter 102a to which first 

20 constant-envelope signal Saif is inputted, the phase of 
first constant-envelope signal Saif is changed by +a°, 
and in phase- shi fter 102b to which second 
constant-envelope signal Sbif is inputted, the phase of 
second constant-envelope signal Sbif is changed by +(3° . 

25 First constant-envelope signal Saif' and second 
constant-envelope signal Sbif 1 after phase-shift 
processing are outputted to mixers 103a, 103b, 
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respectively. ' These phase-shifting processes are 
expressed by the following (equation 5) and (equation 
6) . FIG.5A is a vector diagram showing phase-shift 
processing for each constant-envelope signal. 
5 Sai f ' =Vmax/2 •cos(oift + i|f(t)+a)... (equation 5) 

Sbif ' =Vmax/2 •cos(©ift+9(t)+P)... (equation 6) 
[ 0030 ] Further, for local signal LO outputted from local 
oscillator 106, its phase is changed by -or ° at local signal 
phase-shifter 107a, and local signal LO becomes local 

10 signal LOa to be used at mixer 103a to which first 
constant-envelope signal Saif 1 is inputted. Moreover, 
for local signal LO, its phase is changed by -p° at local 
signal phase-shifter 107b, and local signal LO become 
local signal LOb to be used at mixer 103b to which second 

15 constant-envelope signal Sbif 1 is inputted. Generated 
local signals LOa, LOb are respectively expressed by 
(equation 7) and (equation 8) . For simplicity, the 
amplitude of local signal LO in this example is assumed 
tobe "1". FIG.5B is avector diagram showing phase-shift 

20 processing for the local signal. 

LOa = cos (coLOt-a) . . . (equation 7) 
LOb = cos ( coLOt - (J ) . . . ( equation 8 ) 
[0031] Mixing of first cons t ant - enve 1 ope signal Saif 1 
and local signal LOa is carried out at mixer 103a, and 

25 frequency- converted first cons tan t - enve 1 ope signal Sarf 
and the leakage of local signal LOa are outputted from 
mixer 103a and inputted to amplifier 104a. 
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[0032 ] Mixing of second cons t an t - en ve 1 ope signal Sbif 1 
and local signal LOb is carried out at mixer 103b, and 
frequency- converted second constant-envelope signal 
Sbrf and the leakage of local signal LOb are outputted 
5 from mixer 103b and inputted to amplifier 104b. 

[0033] Here, first constant-envelope signal Sarf and 
second constant-envelope signal Sbrf are expressed by 
(equation 9) and (equation 10), respectively. 
Sarf = Vmax/2 - cos ( ( coLO + coi f ) t + \|r ( t ) +ot-a ) 
10 =Vmax/2 • cos ( cor ft + ( t ))...( equation 9) 

Sbrf = Vmax/2 - cos ( (coLO + coif ) t + 0(t)+p-p) 

= Vmax/2 • cos ( G>r ft + 8 ( t ))...( equation 10) 
[0034] Further, the leakage of local signal LOa and the 
leakage of local signal LOb are expressed by (equation 
15 11) and (equation 12), respectively. 

LOa = cos (coLOt-a) . . . (equation 11) 
LOb = cos (coLOt-p) . . . (equation 12) 
[0035] Amplification of the inputted signals is carried 
out at amplifier 104a, 104b, and the results are outputted 
20 to combining circuit 105. In combining circuit 105, the 
inputted signals are combined and the result is outputted. 
Assuming a gain of amplifier 104a, 104b to be G, first 
constant-envelope signal Sarf and second 

constant-envelope signal Sbrf are expressed by (equation 
25 13) and (equation 14), respectively. 

Sar f = G • Vmax/2 - cos ((corft + i|/(t))... (equation 13) 
Sbr f =G- Vmax/2 • cos ( ( or f t+9 ( t ) ) . . . (equation 14) 
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[0036] The signal after combining of first 

constant-envelope signal Sarf and second 

constant-envelope signal Sbrf can then be expressed by 
the following (equation 15) based on the relationship 
5 shown in (equation 1) (equation 2) , and (equation 3) . 
FIG.5C is a vector diagram of the signal after combining 
of first constant-envelope signal Sarf and second 
constant-envelope signal Sbrf. 

Sarf+Sbrf=G- (Vmax/2 • cos ( ( cor f t + i|/ ( t ) ) 

10 +Vmax/2-cos ( (corft + 0 (t) )))... (equation 15) 

[0037] On the other hand, the leakages of local signals 
LOa, LOb after amplification is expressed in (equation 
16) and (equation 17), respectively. 

LOa = G , cos (coLOt-a) ... (equation 16) 

15 LOb = G'cos (coLOt-p) ... (equation 17) 

[0038] Further, the signal after combining of the 
leakages of local signals LOa, LOb can be expressed by 
( equation 18). 

LOa + LOb=G* cos (coLOt-a) +G-cos (coLOt-p) 
20 =G* (cos (oLOt) cos (a) -sin (coLOt ) sin (a) 

+ cos (coLOt) cos (p) - sin (a)LOt ) sin ( ) 
= G- (cos (coLOt) • (2 -cos ( (a+P) /2) - cos ( (a-p) /2) ) 
-sin (coLOt) • (2 - ( (sin ( (a+p) / 2) - cos ( (a-p) /2) ) ) 

. . . ( equation 1 8 ) 
25 [0039] As described above, as |a-pi=180, in (equation 
18) above, cos ( (a-p) /2 ) =0 , and the s olut ion o f (equation 
18) is "0". 
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[0040] Looking at the output signal of combining circuit 
105, regarding the constant-envelope signal, it is 
understood from (equation 15) that a signal obtained by 
amplifying input signal S (t) by a factor of G is outputted 
5 with carrier frequency corf. On the other hand, it can 
also be understood from (equation 18) that the leakage 
of the local signals from mixers 103a, 103b after combining 
becomes "0" and is not outputted from combining circuit 
105 . 

10 [ 0041] According to this embodiment, the phase 
difference of two local signals used in frequency 
conversion of two constant-envelope signals is made to 
be 180° and the phase is changed beforehand so as to return 
to its original state after frequency conversion, and 

15 therefore, it is possible to suppress the leakage of the 
local signal without increasing the distortion of the 
signal, outputted from combining circuit 105, in other 
words the transmission signal, and to improve the 
communication quality with high power efficiency. 

20 [0042] In this embodiment, a configuration is adopted 
where phase-shifters 102a, 102b are provided at a stage 
after constant-envelope signal generating section 101 
but this configuration is by no means limiting. For 
example, a configuration may also be adopted where items 

25 executing the same operation as phase-shifters 102a, 102b 
are provided at the output of local oscillator 116 within 
orthogonal modulator 113 in order to change the phase 
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of the local signal using orthogonal modulator 113, and 
such a configuration makes it possible to obtain the same 
operation and effect as mentioned above. 

[0043] Further, in this embodiment, a configuration is 
5 adopted where local signal phase-shifters 107a, 107b are 
arranged between local oscillator 106 and mixers 103a, 
103b but this configuration is by no means limiting. For 
example, it is possible to obtain the same operation and 
effect as above even if items executing the same operation 

10 as local signal phase-shifters 107a, 107b are arranged 
between mixers 103a, 103b and combining circuit 105, or 
within combining circuit 105. 
[0044] (Second Embodiment) 

FIG. 6 is a block diagram showing a configuration 

15 for an amplifier circuit of a second embodiment of the 
present invention. The amplifier circuit described in 
this embodiment has a basic configuration similar to 
amplifier circuit 100 described in the first embodiment, 
the same reference numerals are assigned to the same 

20 structural elements, and detailed description thereof 
is therefore omitted. 

[0045] Amplifier circuit 200 shown in FIG. 6 is provided 
with constant-envelope signal generating section 201 in 
place of constant-envelope signal generating section 101 
25 shown in FIG. 4 and adopts a configuration where 
phase-shifters 102a, 102b of amplifier circuit 100^ are 
not provided. Constant-envelope signal generating 
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section 201 adopts a configuration of providing 
constant-envelope signal IQ generating section 202 in 
place of constant-envelope signal IQ generating section 
111 of constant-envelope signal generating section 101. 
5 [004 6] Constant-envelope signal generating section 201 
generates two constant-envelope signals, i.e. first 
constant-envelope signal Saif 1 and second 

constant-envelope signal Sbif 1 , which are equivalent to 
signals obtained by orthogonally modulating input signals 

10 Si, Sq using a carrier frequency of a predetermined 
frequency at the time of vector combining, using baseband 
input signals Si, Sq, and outputs these signals 
respectively to mixer 103a, 103b. Constant-envelope 
signal generating section 201 may also be implemented 

15 using a digital signal processing circuit such as an ASIC 
or FPGA. 

[0047] At constant-envelope signal generating section 
201, constant-envelope signal IQ generating section 202 
carries out digital signal processing on IQ signals (i.e. 

20 input signals Si, Sq) of input signal S(t), as shown in 
the following (equation 19) and (equation 29), and in 
such a manner that the phase of first constant-envelope 
signal Saif 1 after orthogonal modulation is changed by 
+ cx°, and thereby generates baseband signals Sai, Saq. 

25 Further, constant-envelope signal IQ generating section 
202 carries out digital signal processing to IQ signals 
of input signal S (t) , as shown in the following (equation 
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21) and (equation 22) , and in such a manner that the phase 
of second constant envelop signal Sbif ' is changed by 
+ (3°, and thereby generates baseband signals Sbi, Sbq. 
Constant-envelope signal IQ generating section 202 is, 
5 for example, a digital signal processing circuit such 
as an ASIC or FPGA, or the like. 

Sai= ( ( I -Q • SQRT (x/a 2 -l) ) * cosa 

- (Q+I-SQRT (x/a 2 -l))-sina ...(equation 19) 
Saq= ( (Q+I • SQRT (x/a 2 -l) ) -cosa 

10 + ( I-Q- SQRT (x/a 2 -l ) ) • sina ...(equation 20) 

Sbi= ( (I+Q-SQRT (x/a 2 -l) ) - cos (3 

- (Q- I -SQRT (x/a 2 -l))-sin(3 ... (equation 21) 
Sbq= ( (Q-I -SQRT (x/a 2 -l) ) -cos (3 

- (I + Q'SQRT (x/a 2 -l) ) -sinp ...(equation 22) 

15 where SQRT (x/a 2 -l) is the square root of x/a 2 -l, 

a 2 =I 2 +Q 2 , and x denotes the maximum value of a. 
[0048] Here, a detailed description is given of 
processing at constant-envelope signal IQ generating 
section 202 using arithmetic expressions. 

20 [0049] In a typical constant-envelope signal IQ 
generating section, as shown in patent document 1 orpatent 
document 2 described above, IQ signals (i.e. Sai and Saq) 
of first constant-envelope signal Sa(t) and IQ signals 
(i.e. Sbi and Sbq) of second constant-envelope signal 

25 Sb(t) are generated from the IQ signals of the original 
input signal S(t) according to the following (equation 
23), (equation 24), (equation 25) and (equation 26). 
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Sai=( (I-Q-SQRT (x/a 2 -l) ) . . . (equation 23) 
Saq=( ( Q+ 1 • SQRT ( x / a 2 - 1 ) ) . . . (equation 24) 
Sbi=( (I + Q-SQRT (x/a 2 -l) ) . . . (equation 25) 
Sbq = ( (Q- I -SQRT (x/a 2 -l) ) . . . (equation 26) 
[0050] First constant-envelope signal Sa(t) and second 
constant-envelope signal Sb(t) are signals obtained by 
orthogonally modulating Sai and Saq and orthogonally 
modulating Sbi and Sbq, respectively. These 
relationships are shown as arithmetic expressions in the 
following (equation 27) and (equation 28) . 

Sa ( t ) =Sai + j • Saq . . . (equation 27) 
Sb ( t ) =Sbi+ j • Sbq . . . (equation 28) 
[0051] An equation expressing shifting of the phase of 
Sa(t) by +a° and shifting of the phase of Sb(t) by +p° 
as described above is as shown in the following. 
Sa' (t) = (Sai + j - Saq) • (cosa+j-sina) . . . ( equation 2 9 ) 
Sb' (t)=(Sbi+j-Sbq) • (cosp+j-sinp) . . . (equation 30) 
[0052] Namely, if the real part of (equation 29) is 
selected as Sai and the imaginary part as Saq and orthogonal 
modulation is carried out, the signal after orthogonal 
modulation is a signal obtained by changing the phase 
of the first constant-envelope signal by +a°. This is 
expressed in the form of an equation in (equation 19) 
and (equation 20) . Similarly, if the real part of 
(equation 30) is selected as Sbi and the imaginary part 
as Sbq and orthogonal modulation is carried out, the signal 
after orthogonal modulation is a signal obtained by 
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changing the phase of the second constant-envelope signal 
by This is expressed in the form of an equation in 

(equation 21) and (equation 22) . 

[0053] Namely, if constant-envelope signal IQ 

5 generating section 202 generates the IQ signals of 
baseband signals Sa(t), Sb(t) from the IQ signals of the 
original input signal S (t) by carrying out the processing 
of (equation 19) to (equation 22) described above, and 
orthogonal modulator 113 performs orthogonal modulation 

10 correspondingly, first constant-envelope signal Saif ' 
inputted to mixer 103a is a signal with its phase shifted 
by +a°, and second constant-envelope signal Sbif' 
inputted to mixer 103b is a signal with its phase shifted 
by so that it is possible to change the phase of 

15 the two constant-envelope signals without using 
phase-shifters . 

[0054] According to this embodiment, pha s e - s hi f t e r s 
102a, 102b described in the first embodiment are not 
necessary. It is therefore possible to suppress the 

20 leakage of the local signal without increasing the 
distortion of the transmission signal while achieving 
miniaturization of amplifier circuit 200. In addition, 
it is possible to change the phase using digital signal 
processing without using phase-shifters, which makes it 

25 possible to improve the precision of the phase change 
in comparison with analog phase-shifters. 
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[0055] (Third Embodiment) 

FIG. 7 is a block diagram showing a configuration 
for an amplifier circuit of a third embodiment of the 
present invention. The amplifier circuit described in 
5 this embodiment has a basic configuration similar to 
amplifier circuit 100 described in the first embodiment, 
the same reference numerals are assigned to the same 
structural elements, and detailed description thereof 
is therefore omitted. 

10 [0056] Amplifier circuit 300 shown in FIG. 7 adopts a 
configuration where 180° phase-shifter 301 and -180° 
phase-shifter 302 are provided in place of phase-shifter 
102a and local signal pha s e - s hi f t e r 107a of amplifier 
circuit 100 shown in FIG. 4 and phase-shifter 102b and 

15 local signal phase-shifter 107b of amplifier circuit 100 
are not provided. 

[0057] 180° phase-shifter 301 changes the phase of first 
constant-envelope signal Saif from orthogonal modulator 
113 by +180° to generate pha s e - s hi f t ed first 
20 constant-envelope signal Saif 1 . In addition, 180° 
phase-shifter 30 1 is , for example, a hyb r i d pha s e - s h i f t e r 
using microstrip lines. 

[0058] -180° phase- shifter 302 changes the phase of local 
signal LO from local oscillator 106 by -180° to generate 
25 phase-converted local signal LOa . Further, -180° 
phase-shifter 302 is, for example , a hybrid phase-shifter 
using microstrip lines. 
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[0059] Namely, amplifier circuit 300 of this embodiment 
executes an operation similar to the case of taking oc 
= 180 and p = 0 in amplifier circuit 100 of the first 
embodiment . 

5 [0060] Therefore, in a path through which the first 
constant-envelope signal passes, the phase of first 
constant-envelope signal Saif is shifted by +180° at 180° 
phase-shifter 301, and first constant-envelope signal 
Saif 1 is outputted to mixer 103a. At mixer 103a, 

10 frequency conversion is carried out using local signal 
LOa phase-shifted by -180° at -180° phase-shifter 302. 
As a result, signals outputted to amplifier 104a are first 
constant-envelope signal Sarf of a phase that is the same 
as the original signal, and the leakage of local signal 

15 LOa of a phase changed by -180°. On the other hand, since 
a phase- shi fter is not provided in the path through which 
the second constant-envelope signal passes, the amount 
of phase-change of second constant-envelope signal Sbif 
and local signal LO is 0°. 

20 [0061] The two constant-envelope signals which have 
passed through amplifiers 104a, 104b are then combined 
by combining circuit 105, and an amplified desired 
transmission signal (output signal Srf) is outputted. 
The leakage of the local signal is therefore suppressed 

25 because the phase difference between local signal LO and 
local signal LOa is 180°. 

[0062] According to this embodiment, phase-shifters 
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102b and local signal phase-shifter 107b described in 
the first embodiment are not necessary. It is therefore 
possible to suppress the leakage of the local signal 
without increasing the distortion of the transmission 
5 signal while achieving miniaturization of amplifier 
circuit 3 0 0. 

[0063] In this embodiment, a description is given of a 
configuration of amplifier circuit 300 where 180° 
phase-shifter 301 and -180° phase-shifter 302 are 

10 provided in place of phase-shifter 102a and local signal 
phase-shifter 107a of amplifier circuit 100 shown in FIG. 4 
and phase-shifter 102b and local signal pha s e- s hi f t e r 
107b of amplifier 100 are not provided, but the 
configuration of the amplifier circuit 300 is by no means 

15 limited to this respect. For example, the same operation 
and effect as described above can also be obtained by 
adopting a configuration where 180° phase-shifter 301 
and -180° phase-shifter 302 are provided in place of 
phase-shifter 102b and local signal phase-shifter 107b 

20 and phase- shi fte r 102a and local signal phase-shifter 
107a of amplifier circuit 100 are not provided. 
[0064] (Fourth Embodiment) 

FIG. 8 is a block diagram showing a configuration 
for an amplifier circuit of a fourth embodiment of the 

25 present invention. The amplifier circuit described in 
this embodiment has a basic configuration similar to 
amplifier circuit 100 described in the first embodiment, 
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the same reference numerals are assigned to the same 
structural elements, and detailed description thereof 
is therefore omitted. 

[0065] Amplifier circuit 400 shown in FIG. 8 adopts a 
5 configuration where variable phase-shifters 401a, 401b 
are provided in place of local signal phase-shifters 107a, 
107b of amplifier circuit 100 shown in FIG. 4. 
[0066] Variable pha s e - s hi f t e r s 401a, 401b differ from 
local signal phase-shifters 107a, 107b in having a 
10 function to adjust an amount of change of phase of local 
signal LO. 

[0067] Next, anoperationof ampl i f ie r circuit 400 having 
the above configuration is described. 

[0068] In the event that an electrical length is 
15 different between two paths through which the local signal 
passes (i.e. paths from local oscillator 106 through 
mixers 103a, 103b to combining circuit 105), or in the 
event that there is a difference in an amount of 
phase-change by each amplifier 104a, 104b or mixer 103a, 
20 103b, errors occur in the phase difference between the 
leakages of local signal LOa and local signal LOb so that 
the phase difference is no longer 180°. Variable 
phase-shifters 401a, 401b adjust the amount of 
phase-change, and therefore, it is possible to reduce 
25 phase difference errors and prevent lowering the amount 
of suppression of leakage of the local signal. 
[0069] According to this embodiment, adjusting the 
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amount of phase-change of the local signal used in 
frequency conversion at mixers 103a, 103b makes it 
possible to reduce errors in phase difference due to 
electrical length differences or the like occurring in 
5 paths through which the local signal passes, and also 
makes it possible to prevent lowering of the amount of 
suppression of leakage of the local signal. 
[0070] In this embodiment, a description is given of a 
configuration where variable phase-shifters 401a, 401b 

10 are arranged between local oscillator 106 andmixers 103a, 
103b but the configuration of amplifier circuit 400 is 
by no means limited to this respect. For example, it is 
possible to obtain the same operation and effect as above 
even if items executing the same operation as variable 

15 phase-shifters 401a, 401b are arranged between mixers 
103a, 103b and combining circuit 105, or within combining 
circuit 105. 

[0071] (Fifth Embodiment) 

FIG. 9 is a block diagram showing a configuration 

20 for an amplifier circuit of a fifth embodiment of the 
present invention. The amplifier circuit described in 
this embodiment has a basic configuration similar to 
amplifier circuit 100 described in the first embodiment, 
the same reference numerals are assigned to the same 

25 structural elements, and detailed description thereof 
is therefore omitted. 

[0072] Amplifier circuit 500 shown in FIG. 9 adopts a 
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configuration where signal detection section 501, band 
pass filter (BPF) 502, mixer 503, local oscillator 504, 
A/D converter 505, level detection section 506, and phase 
control section 507 are added to the configuration of 
5 amplifier circuit 400 of the fourth embodiment shown in 
FIG . 8 . 

[0073] Signal detection section 501 detects output 
signal Srf of combining circuit 105. Signal detection 
section 501 may be implemented using a directional coupler 

10 or circulator. 

[0074] BPF502 limits the band of the detection signal 
at signal detection section 501 and only outputs 
components, which are corresponding to the leakage of 
the local signal, to mixer 503. Mixer 503 carries out 

15 frequency conversion by mixing signals band-limited by 
BPF 502 with a signal generated by local oscillator 504. 
A/D converter 505 converts a signal frequency-converted 
by mixer 503 from analog to digital signals. 
[0075] Level detection section 506 detects a level of 

20 the leakage of the local signal, from a signal 
analog-to-digital-converted by A/D converter 505 . Level 
detection section 506 can be implemented using a digital 
signal processing circuit such as an ASIC or F PGA together 
with a diode detector or A/D converter 505 . Phase control 

25 section 507 controls adjustment of an amount of 
phase-change at variable phase-shifters 401a, 401b in 
such a manner that a level detected by level detection 
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section 506 is minimized. Phase control section 507 can 
be implemented using digital signal processing circuits 
such as ASIC and FPGA. 

[0076] Next, anoperationof ampl i fier circuit 500 having 
5 the above configuration is described. 

[0077] In amplifier circuit 500, output signal Srf from 
combining circuit 105 is detected by signal detection 
section 501. Components other than the leakage of the 
local signal are then suppressed by BPF 502. The leakage 

10 of the local signal is then frequency-converted at mixer 
503 and converted to a digital signal at A/D converter 
505. At level detection section 506, the level of the 
leakage of the local signal that has become a digital 
signal is detected and the detection result is outputted 

15 to phase control section 507. 

[0078] In the event that the amount of phase-change 
fluctuates with time due to an influence exerted by e.g. 
temperature between two paths through which the local 
signal passes (i.e. paths from local oscillator 106 

20 through mixers 103a, 103b to combining circuit 105) , the 
phase difference between the leakages of local signal 
LOa and local signal LOb is no longer 180° and the amount 
of the error fluctuates. In the event that an error in 
phase difference occurs, compared to the case where there 

25 is no error, the level of the leakage of the local signal 
becomes large after output from combining circuit 105. 
Therefore, at phase control section 507, the amount of 
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change of phase by variable phase-shifters 401a, 401b 
is controlled in such a manner that the level of this 
leakage is minimized. 

[0079] According to this embodiment, adjustment of the 
5 amount of phase-change by variable phase-shifters 401a, 
401b is controlled in such a manner that the level of 
the leakage of the local signal is minimized. Therefore, 
even if the phase difference between the local signals 
after passing through two paths changes with time, it 

10 is possible to reduce the error in this phase difference 
and to prevent lowering of the amount of suppression of 
the local signal. 
[0080] (Sixth Embodiment) 

FIG. 10 is a block diagram showing a configuration 

15 for an amplifier circuit of a sixth embodiment of the 
present invention. The amplifier circuit described in 
this embodiment has a basic configuration similar to 
amplifier circuit 100 described in the first embodiment, 
the same reference numerals are assigned to the same 

20 structural elements, and detailed description thereof 
is therefore omitted. 

[0081] Amplifier circuit 600 shown in FIG. 10 adopts a 
configuration where variable attenuator 601a is provided 
between local signal phase-shifter 107a and mixer 103a 
25 of amplifier circuit 100 shown in FIG. 4 and variable 
attenuator 601b is provided between local signal 
phase-shifter 107b and mixer 103b of amplifier circuit 
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100 . 

[0082] Variable attenuators 601a, 601b adjust an 
amplitude (for example, the amount of attenuation) of 
local signals LOa, LOb and output the results to mixer 
5 103a, 103b, respectively. 

[0083] Next, anoperationof ampl i f ie r circuit 600 having 
the above configuration is described. 

[0084 ] In the event that there is a difference in the 
amount of attenuation or the amount of amplification 

10 between two paths (i.e. paths from local oscillator 106 
through mixers 103a, 103b to combining circuit 105) , an 
error occurs in the amplitude of the leakages of local 
signal LOa and local signal LOb, which results in lowering 
of the amount of suppression of the leakages of the local 

15 signals. Variable attenuators 601a, 601b therefore 
reduce the amplitude error of the leakage of the local 
signal by carrying out adjustment of the amount of 
attenuation of the local signal. 

[0085] According to this embodiment, by adjusting the 
20 amplitude (the amount of attenuation) of the local signal 
used in frequency conversion at mixers 103a, 103b, it 
is possible to reduce an amplitude error of the leakages 
of the local signals due to a difference in the amount 
of attenuation/amplification in the paths through which 
25 the local signals pass, and it is possible to prevent 
lowering of the amount of suppression of the leakages 
of local signals. 
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[0086] In this embodiment, a description is given of a 
configuration where variable attenuators 601a, 601b are 
arranged between local signal phase- shi fters 107a, 107b 
and mixers 103a, 103b but the configuration of amplifier 
5 circuit 600 is by no means limited to this respect. For 
example, it is also possible to achieve the same operation 
and effect as above by providing items executing the same 
operation as variable attenuators 601a, 601b between 
local oscillator 106 and local signal phase- shi fters 107a, 

10 107b, between mixers 103a, 103b and combining circuit 
105 or within combining circuit 105. 
[0087] (Seventh Embodiment) 

FIG. 11 is a block diagram showing a configuration 
for an amplifier circuit of a seventh embodiment of the 

15 present invention. The amplifier circuit described in 
this embodiment has a basic configuration similar to 
amplifier circuit 100 described in the first embodiment, 
the same reference numerals are assigned to the same 
structural elements, and detailed description thereof 

20 is therefore omitted. 

[0088] Amplifier 700 shown in FIG. 11 adopts a 

configuration where signal detecting section 501, BPF 
502, mixer 503, local oscillator 504, A/D converter 505, 
and level detection section 506 described for the fifth 

25 embodiment and attenuation control section 701 are added 
to the configuration for amplifier circuit 600 of the 
sixth embodiment shown in FIG. 10. 
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[0089] Signal detection section 501 detects output 
signal Srf of combining circuit 105. Signal detection 
section 501 may be implemented using a directional coupler 
or circulator . 

5 [0090] Attenuation control section 701 controls 

adjustment of the amplitude (for example, the amount of 
attenuation) at variable attenuators 601a, 601b in such 
a manner that a level detected by level detection section 
506 is minimized. Attenuation control section 701 can 
10 be implemented using digital signal processing circuits 
such as ASIC and F PGA . 

[0091] Next, anoperationof ampl i fier circuit 700 having 
the above configuration is described. 

[0092] At amplifier circuit 700, output signal Srf from 
15 combining circuit 105 is detected by signal detection 
section 501. Components other than the leakage of the 
local signal are then suppressed by BPF 502. The leakage 
of the local signal is then frequency-converted at mixer 
503 and converted to a digital signal at A/D converter 
20 505. At level detection section 506, the level of the 
leakage of the local signal that has become a digital 
signal is detected and the detection result is outputted 
to attenuation control section 701. 

[0093] In the event that the amount of attenuation or 
25 amplification fluctuates with time due to an influence 
exerted by e.g. temperature between two paths through 
which the local signal passes (i.e. paths from local 
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oscillator 106 through mixers 103a, 103b to combining 
circuit 105), an error occurs in the amplitude of the 
leakages of local signal LOa and local signal LOb, and 
this amplitude error fluctuates with time. In the event 
5 that an amplitude error occurs, compared to the case where 
there is no error, the level of the leakage of the local 
signal becomes large after output from combining circuit 
105. Therefore, at attenuation control section 701, the 
amplitude (the amount of attenuation) is controlled by 
10 variable attenuators 601a, 601b in such a manner that 
the level of this leakage is minimized. 

[0094] According to this embodiment, adjustment of the 
amplitude (the amount of attenuation) by variable 
attenuators 601a, 601b is controlled in such a manner 

15 that the level of the leakage of the local signal is 
minimized. Therefore, even if the amplitude error of the 
local signals passing through two paths fluctuates with 
time, it is possible to reduce the amplitude error and 
it is possible to prevent lowering of the amount of 

20 suppression of the local signal. 
[0095] (Eighth Embodiment) 

FIG. 12 is a block diagram showing a configuration 
for an amplifier circuit of an eighth embodiment of the 
present invention. The amplifier circuit described in 

25 this embodiment has a basic configuration similar to 
amplifier circuit 100 described in the first embodiment, 
the same reference numerals are assigned to the same 
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structural elements, and detailed description thereof 
is therefore omitted. 

[0096] Amplifier circuit 800 shown in FIG. 12 adopts a 
configuration where variable phase-shifters 8 0 la , 801b 
5 are provided in place of phase-shifters 102a, 102b of 
amplifier circuit 100 shown in FIG. 4. 

[0097] Variable phase-shifters 801a, 801b differ from 
phase-shifters 102a, 102b in having a function to adjust 
an amount of phase-change of first constant-envelope 
10 signal Saif and second constant-envelope signal Sbif . 
[0098] Next, anoperationof ampl i fier circuit 800 having 
the above configuration is described. 

[0099] Two local signals LOa, LOb used by mixers 103a, 
103b have a phase difference of 180°, and first 

15 constant-envelope signal Saif* and second 

constant-envelope signal Sbif 1 have a phase difference 
of 180°, so that the original phase is restored after 
being frequency-converted to the carrier frequency. 
However, in the event that there is a difference in an 

20 electrical length between two paths through which the 
constant-envelope signals pass (namely, paths from 
cons tant- envelope signal generating section 101 to mixers 
103a, 103b), or in the event that there is a difference 
in the amount of phase-change by mixers 103a, 103b, a 

25 phase difference error still remains after frequency 
conversion, and the transmission signal after combining 
may be distorted. Therefore, at variable phase- shi ft e rs 
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801a, 801b, it is possible to reduce the phase difference 
error by adjusting the amount of phase-change and reduce 
the distortion of the transmission signal after 
combining . 

5 [0100] According to this embodiment, adjusting the 
amount of phase-change of the constant-envelope signals 
before frequency-converted at mixers 103a, 103b makes 
it possible to reduce an error in a-phase difference due 
to an electrical length difference or the like in paths 
10 through which the constant-envelope signals pass, and 
also makes it possible to reduce the distortion of a 
transmission signal after combining. 

[0101] In this embodiment, a description is given of a 
configuration for adjusting the amount of phase-change 

15 of each constant-envelope signal using variable 
phase-shifters 801a, 801b, but the configuration of 
amplifier circuit 800 is byno means limited to this respect. 
For example, in the event of changing phase of 
constant-envelope signals within constant-envelope 

20 signal generating section 201 as described in the second 
embodiment, it is possible to obtain the same operation 
and effect by changing and adjusting the phase using 
digital signal processing. 
[0102] (Ninth Embodiment) 

25 FIG. 13 is a block diagram showing a configuration 

for a wireless transceiver apparatus of a ninth embodiment 
of the present invention. Wireless transceiver 
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apparatus 900 shown in FIG. 13 is comprised of amplifier 
circuit 100 described in the first embodiment, antenna 
901 transmitting and receiving wireless signals, antenna 
duplexer 902 duplexing transmission and reception at 
5 antenna 901, outputting an output signal of amplifier 
circuit 100 to antenna 901, and outputting signals 
received by antenna 901 to wireless receiver 903, wireless 
receiver 903 comprised of a circuit (alownoise amplifier, 
mixer performing frequency conversion, filter, variable 

10 gain amplifier, A/D converter, or the like) extracting 
desired reception signals from an output signal of antenna 
duplexer 902, and modem 904 modulating audio, video and 
data signals or the like to signals to be transmitted 
wirelessly, and demodulating audio, video and data 

15 signals or the like from signals received wirelessly. 
[0103] Wireless transceiver apparatus 900 may also adopt 
a configuration having any of amplifier circuit 200 to 
amplifier circuit 800 described in the second embodiment 
to eighth embodiment, respectively, in place of amplifier 

20 circuit 100. 

[0104] Wireless transceiver apparatus 900 of this 
embodiment uses an amplifier circuit as described in any 
of the embodiments described above for amplifying the 
transmission signal. 

25 [0105] According to this embodiment, it is possible to 
implement wireless transceiver apparatus 900 achieving 
the same operation and effect as the operation and effect 
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described above in any of the first to eighth embodiments. 
[0106] The wireless transceiver apparatus 900 described 
in the above embodiments may be applied to a wireless 
base station apparatus or communication terminal 
5 apparatus used in a wireless communication and broadcast 
network . 

[0107] (Tenth Embodiment) 

FIG. 14 is a block diagram showing a configuration 
for an amplifier circuit of a tenth embodiment of the 

10 present invention. The amplifier circuit described in 
this embodiment has a basic configuration similar to 
amplifier circuit 100 described in the first embodiment, 
the same reference numerals are assigned to the same 
structural elements, and detailed description thereof 

15 is therefore omitted. 

[0108] Amplifier circuit 1000 shown in FIG. 14 has 
constant-envelope signal generating section 1001 and 
combining circuit 1003 in place of constant-envelope 
signal generating section 101 and combining circuit 105 

20 of amplifier circuit 100 shown in FIG. 4. Phase- shi fters 
102a, 102b, mixers 103a, 103b, local oscillator 106 and 
local signal pha s e - s hi f t e r s 107a, 107b of amplifier 
circuit 100 are not provided at amplifier circuit 1000. 
[0109] Constant-envelope signal generating section 1001 

25 has orthogonal modulator 1010 in place of orthogonal 
modulator 113 described in the first embodiment. 180° 
phase-shifter 1002 is also provided. Constant-envelope 
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signal generating section 1001 may also be implemented 
using a digital signal processing circuit such as an ASIC 
or FPGA. 

[0110] In addition to mixers 114a to 114d and 
5 phase-shifters 115a, 115b described in the first 
embodiment, local oscillator 1011 is also provided in 
orthogonal modulator 1010. Orthogonal modulator 1010 
orthogonally modulates baseband signals Sai, Saq, Sbi, 
Sbq to generate first constant-envelope signal Sarf and 
10 second constant-envelope signal Sbif respectively 
described in the first embodiment. 

[0111] Local oscillator 1011 in orthogonal modulator 
1010 is, for example, an oscillator circuit such as a 
frequency synthesizer or the like employing a VCO 

15 controlled using a PLL, generates local signal LO, and 
outputs this to phase-shifters 115a, 115b. Baseband 
signals Sai, Saq, Sbi, Sbq are frequency-converted by 
mixing local signal LO generated by local oscillator 1011 
with baseband signals Sai, Saq, Sbi, Sbq at mixers 114a 

20 to 114d. In this way, baseband signals Sai, Saq are 
directly converted to first constant-envelope signal Sarf 
having carrier frequency corf, and baseband signals Sbi, 
Sbq are directly converted to second constant-envelope 
signal Sbif having carrier frequency corf. Generated 

25 first constant-envelope signal Sarf is outputted to 
amplifier 104a described in the first embodiment and 
generated second constant-envelope signal Sbrf is 
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outputted to 180° phase-shifter 1002. 

[0112] 180° phase-shifter 1002 changes the phase of 
second constant-envelope signal Sbrf by 180°. Second 
constant-envelope signal Sbrf after phase- shi ft ing by 
5 180° is output to amplifier 104b as described in the first 
embodiment . 

[0113] Combining circuit 1003 shifts by 180° the phase 
of one of first constant-envelope signal Sarf and second 
constant-envelope signal Sbrf amplified by amplifiers 

10 104a, 104b, and performs vector-combining of first 
constant-envelope signal Sarf and second 

constant-envelope signal Sbrf. Output signal Srf which 
is a signal outputted by amplifier circuit 1000 is then 
generated as a result. Combining circuit 1003 can be 

15 implemented, for example, by a 180° hybrid combining 
circuit configured by microstrip lines or by a balan. 
[0114] Next, an operation of amplifier circuit 1000 
having the above configuration is described. 
[0115] In constant-envelope signal IQ generating 

20 section 111, baseband signals Sai , Saq, Sbi, Sbqexpressed 
by (equation 23) to (equation 26) described above are 
generated from input signal S(t) shown by the following 
(equation 31). 

S (t) =Vmax/2-cos ( coi f t + i|f ( t ) ) 

25 +Vmax/2-cos (coift + 0 (t) ) . . . (equation 31) 

[0116] Baseband signals Sai , Saq, Sbi, Sbq are converted 
to analog signals by D/A converters 112a to 112d, and 
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first constant-envelope signal Sarf and second 
constant-envelope signal Sbrfare generated by orthogonal 
modulation at orthogonal modulator 1010. Here, first 
constant-envelope signal Sarf and second 

5 constant-envelope signal Sbrf will constitute a signal 
turning to the original signal when subjected to vector 
combining . 

[0117] Second constant-envelope signal Sbrf is 

phase-shifted by 180° by 180° phase- shi fte r 1002. First 

10 constant-envelope signal Sarf and second 

constant-envelope signal Sbrf outputted by 

constant-envelope signal generating section 1001 are 
therefore shown by the following (equation 32) and 
(equation 33 ) . 

15 Sarf =Vmax/2 •cos(©rft + \|r(t))... (equation 32 ) 

Sbrf =Vmax/2 -cos (orf t+9 (t) -180° ) . . . (equation 33 ) 
[0118] 180° phase-shifting at 180° phase-shifter 1002 
can be implemented using digital signal processing. In 
this case, baseband signals Sai, Saq, Sbi, Sbq are 

20 generated using the following (equation 34) (equation 
35) and (equation 36) at constant-envelope signal IQ 
generating section 111. 

Sai=( (I-Q-SQRT (x/a 2 -l) ) . . . (equation 34) 
Saq= ( ( Q+ I • SQRT ( x/a 2 - 1 ) ) . . . (equation 35) 

25 Sbi= ( (Q-SQRT (x/a 2 -l)-I)... (equation 36) 

Sbq= ( ( I • SQRT (x/a 2 -l)-Q)... (equation 37 ) 
[0119] In amplifiers 104a, 104b, first 



2F04101-PCT 41 

constant-envelope signal Sarf and second 

constant-envelope signal Sbrf outputted from 
constant-envelope signal generating section 1001 are 
amplified. Assuming a gain of amplifier 104a, 104b to 
5 be G, first constant-envelope signal Sarf and second 
constant-envelope signal Sbrf are shown by (equation 38) 
and (equation 39), respectively. 

Sarf =G- Vmax/2 • cos ( ( cor f t + \|j ( t ) ) . . . (equation 38 ) 
Sbrf = G • Vmax/2 • cos ( (G)rft + 9(t)-180°) . . . (equation 39 ) 

10 [0120] In synthesis circuit 1003, the phase of second 
constant-envelope signal Sbrf after amplification is 
shifted by 180°, and first constant-envelope signal Sarf 
and second constant-envelope signal Sbrf after 
amplification are combined. Output signal Srf obtained 

15 by combining is shown by the following (equation 40) . 

Srf=G- Vmax/2 • cos ( { or f t + i|r ( t ) ) 

+ G- Vmax/2 - cos ( (corft + 9(t)-180° + 180 0 ) 
=G- V (t ) cos (corft + cp ( t) ) . . . (equation 40) 
[0121] In combining circuit 1003, when amplified first 
20 constant-envelope signal Sarf and amplified second 
constant-envelope signal Sbrf are combined after the 
phase of amplified first constant-envelope signal Sarf 
is shiftedby 180° , output signal Srf obtained by combining 
is shown by the following (equation 41) . 

25 Srf = G- Vmax/2 • cos ( ( or f t + i|r ( t ) +1 8 0 ° ) 

+ G- Vmax/2 • cos ( (orf t+6 (t) -180°) 
= G-V(t)cos(corft + cp(t)-180°) . . . (equation 41) 
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[0122] Here, noise mixed between cons t ant -enve 1 ope 
signal generating section 1001 and combining circuit 1003 
is assumed to be Sn. In amplifier circuit 1000 of this 
embodiment, it is possible to cancel out this noise Sn 
5 by vector combining at combining circuit 1003. This can 
be expressed in the following equations. 

[0123] Noise entering into first constant-envelope 
signal Sarf is assumed to be Sna, and noise entering into 
second constant-envelope signal Sbrf is assumed to be 
10 Snb. Noise Sna, Snb can be expressed using (equation 42) 
and (equation 43), respectively. 

Sna = Vn # cos(cont) . . . (equation 42) 
Snb=Vn*cos (cont) . . . (equation 43) 
[0124] In combining circuit 1003, when noise Snb out of 
15 noise Sna and noise Snb is pha s e - shi f t ed by 180°, a noise 
component Snout contained in output signal Srf after 
vector combining can be expressed using the following 
( equation 4 4). 

Snout = Vn*cos (cont) + Vn* cos (cont + 180° ) = 0 . . . (equation 44) 
20 [0125] FIG. 15 shows a signal waveform obtained at each 
processing stage within amplifier circuit 1000 as 
triangular waves. The waveform shown by the solid line 
in (a) is a waveform of first constant-envelope signal 
Sarf outputted from constant-envelope signal generating 
25 section 1001, and the waveform shown by the dashed line 
in (a) is a waveform of noise Sna. Further, the waveform 
shown by the solid line in (b) is a waveform of second 
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constant-envelope signal Sbrf outputtecl by 
constant-envelope signal generating section 1001, and 
the waveform shown by the dashed line in (b) is a waveform 
ofnoise Snb. Noise Sna andnoise Snb is of the same phase . 
5 Each signal waveform at the time of combining is as shown 
in ( c ) and ( d ) . 

[0126] Namely, constant-envelope signal Saft shown by 
the solid line in (c) and noise Sna shown by the dashed 
line are signals obtained by amplifying the 

10 constant-envelope signal Sarf and noise Sna shown in (a) . 
On the other hand, constant-envelope signal Sbrf shown 
by the solid line in (d) and noise Snb shown by the broken 
line are signals obtained by amplifying cons t ant -envelope 
signal Sbrf and noise Snb shown by (b) and rotating the 

15 phases at combining circuit 1003 by 180°. Accordingly, 
in the signal after combining shown in (e), noise Sna 
and Snb mutually cancels each other out. 

[0127] According to this embodiment, constant-envelope 
signal generating section 1001 generates two 

20 constant-envelope signals Sarf, Sbrf such that an 
original signal can be obtained by changing the phase 
of one of constant-envelope signals Sarf, Sbrf and then 
combining those signals, and combining circuit 1003 
changes the phase of one of constant-envelope signals 

25 Sarf, Sbrf, and thereby the waveform of output signal 
Srf is an amplified version of the original input signal 
S(t) . Further, it is possible to remove noise Sna, Snb, 
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and prevent deterioration in the communication quality 
due to noise . 

[0128] (Eleventh Embodiment) 

FIG. 16 is a block diagram showing a configuration 
for an amplifier circuit of an eleventh embodiment of 
the present invention. The amplifier circuit described 
in this embodiment has a basic configuration similar to 
amplifier circuit 100 described in the first embodiment, 
the same reference numerals are assigned to the same 
structural elements, and detailed description thereof 
is therefore omitted. 

[0129] Amplifier circuit 1100 shown in FIG. 16 has 
constant-envelope signal generating section 1101 inplace 
of constant-envelope signal generating section 101 of 
amplifier circuit 100. Further, combining circuit 1003 
described in the tenth embodiment is provided in place 
of combining circuit 105. Phase-shifters 102a, 102b and 
local signal phase-shifters 107a, 107b of amplifier 
circuit 100 are not provided in amplifier circuit 1100. 
[0130] In addition to constant-envelope signal IQ 
generating section 111 of constant-envelope signal 
generating section 101, D/A converters 112a to 112d and 
orthogonal modulator 113, constant-envelope signal 
generating section 1101 has 180° phase-shifter 1002 
described in the tenth embodiment. Constant-envelope 
signal generating section 1101 may also be implemented 
using a digital signal processing circuit such as an ASIC 
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[0131] An operation of amplifier circuit 1100 having the 
above configuration is described. 

[0132] First, in constant-envelope signal generating 
5 section 1101, at orthogonal modulator 113, first 
constant-envelope signal Saif and second 

constant-envelope signal Sbif are generated. The phase 
of second constant-envelope signal Sbif is phase-shifted 
by 180° by 180° phase-shifter 1002. First 
10 constant-envelope signal Saif is then outputted to mixer 
103a. Second constant-envelope signal Sbif after phase 
shifting is outputted to mixer 103b. 

[0133] At mixer 103a, 103b, local signal LO generated 
at local oscillator 106 is mixed with first 

15 constant-envelope signal Saif and second 

constant-envelope signal Sbif. As a result, first 
constant-envelope signal and second constant-envelope 
signal Sbif are frequency-converted and first 
constant-envelope signal Sarf and second 

20 constant-envelope signal Sbrf are obtained. 

[0134] At this time, leakage of local signal LO occurs 
at the outputs of mixers 103a, 103b. The leakage of the 
local signals can be expressed by the following (equation 
45) and (equation 46) . SLO_outa is the leakage included 

25 in first constant-envelope signal Sarf and SLO_outb is 
the leakage included in second constant-envelope signal 
Sbrf. 
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SLO_out a = VLO_out * cos ( cont ) . . . (equation 45) 
SLO_outb = VLO__out ■ cos ( cont ) . . . (equation 46) 
[0135] At combining circuit 1003, signals inputted from 
amplifiers 104a, 104b are subjected to vector combining 
5 after the phase of signals inputted from amplifier 104b 
is shifted by 180°. As a result, the leakage of local 
signals LO contained in output signal Srf after combining 
can be expressed by the following (equation 47) . 

SLO_out = VLO_out'cos (cont) +VLO__out -cos (cont + 180°)=0 

10 ... (equation 47) 

[0136] According to this embodiment, constant-envelope 
signal generating section 1101 generates two 
constant-envelope signals Sarf, Sbrf such that an 
original signal can be obtained by changing the phase 

15 of one of constant-envelope signals Sarf, Sbrf and then 
combining those signals, and combining circuit 1003 
changes the phase of one of constant-envelope signals 
Sarf, Sbrf, and thereby the waveform of output signal 
Srf is an amplified version of the original input signal 

20 S(t) . Further, it is possible to suppress spurious 
components due to leakage of local signals LO. As to mixed 
noise, because of the same operation as that of the tenth 
embodiment, it is possible to suppress the noise and 
prevent deterioration of the communication quality. 

25 [0137] Amplifier circuit 1100 of this embodiment can be 
applied to wireless transceiver apparatus 900 described 
in the ninth embodiment . 
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[0138] (Twelfth Embodiment) 

FIG. 17 is a block diagram showing a configuration 
for a wireless transceiver apparatus of a twelfth 
embodiment of the present invention. The wireless 
5 transceiver apparatus described in this embodiment has 
a basic configuration similar to wireless transceiver 
apparatus 900 described in the ninth embodiment, the same 
reference numerals are assigned to the same structural 
elements, and detailed description thereof is therefore 
10 omitted. 

[0139] Wireless transceiver apparatus 1200 shown in 
FIG. 17 has amplifier circuit 1000 described in the tenth 
embodiment, antenna 901, antenna duplexer 902, and modem 
904 described in the ninth embodiment, and wireless 

15 receiver 1201. 

[0140] Wireless receiver 1201 is a circuit for extracting 
a desired reception signal from an output signal of antenna 
duplexer 902 , and is configured from, for example, a low 
noise amplifier, a mixer for frequency conversion, a 

20 filter, a variable gain amplifier, and an A/D converter 
or the like . 

[0141] According to this embodiment, it is possible to 
implement wireless transceiver apparatus 1200 achieving 
the same operation and effect as the operation and effect 
25 described above in the tenth embodiment. 

[0142] Wireless transceiver apparatus 1200 in the above 
embodiment may be applied to a wireless base station 
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apparatus or communication terminal apparatus used in 
a wireless communication and broadcast network. 
[0143] This specification is based on Japanese patent 
application No. 2003-359440 filed on October 20th, 2003, 
5 and Japanese patent application No. 2004-302792 filed 
on October 18th, 2004, the entire contents of which are 
expressly incorporated by reference herein. 

Industrial Applicability 

10 [0144] The amplifier circuit of the present invention 
has the effect of improving communication quality with 
high power efficiency and is useful as an amplifier circuit 
in a later stage amplifying a transmission signal in a 
transmission apparatus employed, for example, inwireless 

15 communication and broadcasting. 



